The chemical composition of Populus nigra shoot resin has been investigated by chromatographic and spectroscopic methods. The analyses resulted in identification of 19 known compounds. The resin exhibited low activity against selected microorganisms.
P. nigra shoot resin appears as a pale yellow mixture. Prior to chromatographic separation, the water-soluble part of the resin was analyzed by NMR spectroscopy (see Supplementary data, figure 1). The 1 H NMR spectrum revealed sucrose as the only sugar species present, together with the major phenolic components 12 and 13. Consequently, sucrose was removed by means of reversed phase solid phase extraction (RP-SPE), yielding six fractions which were subjected to high performance liquid chromatography-mass spectrometric (HPLC-MS) analysis. Based on HPLC-MS data, RP-SPE fractions 1 to 3 were selected for separation by high performance liquid chromatography-photodiode array detectionsolid phase extraction (HPLC-PDA-SPE) (Supplementary data, Figure 2 ). Mass spectra of RP-SPE fractions 4 to 6 did not indicate useful additional compounds and therefore these fractions were discarded. The collected HPLC-PDA-SPE fractions were subsequently subjected to NMR and high resolution mass spectrometrIC (HR-MS) analysis for elucidation of the main constituents.
Analysis of RP-SPE fractions 1 to 3 resulted in identification of 19 compounds (Fig. 2) . RP-SPE fraction 1: (E)-caffeic acid (1) [4] , (E)-ferulic acid (2) [5] , (E)-isoferulic acid acid (3) [5] , (Z)-3,4-dimethoxy cinnamic acid (4) [6] , and (E)-p-coumaric acid (7) [5] .
RP-SPE fraction 2: (E)-3,4-dimethoxy cinnamic acid (5) [7] , (E)-isoferulic acid methyl ester (6) [8] , (E)-p-methoxy cinnamic acid (8) [9, 10] , (E)-3,4-dimethoxy cinnamic acid methyl ester (9) [11] , (Z)-caffeic acid 3-methylbut-3-enyl ester (10) [12] , (Z)-caffeic acid 3-methylbut-2-enyl ester (11) , (E)-caffeic acid 3-methylbut-3-enyl ester (12) [13] , and (E)-caffeic acid 3-methylbut-2-enyl ester (13) [13] . RP-SPE fraction 3: (E)-caffeic acid 2-phenylethyl ester (14) [14] , (E)-isoferulic acid 3-methyl-3-butenyl ester (15) [12] , (E)-isoferulic acid 3-methyl-but-2-enyl ester (16) , (E)-isoferulic acid 2-methylbut-2-enyl ester (17) , (E)-isoferulic acid 2-phenylethyl ester (18) [15] , and (E)-caffeic acid (2E)-3,7-dimethylocta-2,6-dienyl ester (19) [14] . To our knowledge, NMR data of compounds 10, 11, 15, 16 and 17 have not been reported (SciFinder ® search March 2016). For analytical data, see below. The chemical profile determined for P. nigra shoot resin resembles results found for the analysis of propolis [16] with the difference being that in P. nigra shoot resin flavonoids have not been found. The main components 12 and 13 have been described previously in an analysis of P. nigra bud exudates [17] (i.e. washings of developing leaf buds). The occurrence of sucrose and phenylpropanoids, most of them esterified with prenyl or phenethyl moieties, in P. nigra resinous leaf excretions suggests a dual function of the shoot resin. The sucrose could play a role in rewarding ants or other insects for plant protective activities. Although to the best of our knowledge not reported for P. nigra, such symbiotic plant-insect interactions seem to be likely in the light of the present results and could be the subject of future ecological studies. The antimicrobial activity of the phenylpropanoids, although weak, could support the plant's defense against pathogenic microorganisms. In addition, or as an alternative function, the phenylpropanoids could be part of the reward to hypothetical symbionts in that these compounds might be sequestered into the insect's defence system.
Experimental
Plant material and sample collection: P. nigra shoot resin was collected in spring 2014 from plants emerged from cuttings. Greenhouse conditions were controlled keeping the temperature between 19-23°C (day) and 20-22°C (night). Relative humidity was between 50 % (minimum) and 60 % (maximum). The nectar was collected using pipettes with polypropylene tips.
Sample preparation: For chromatographic purification, 5 mL of nectar was diluted with 15 mL MeOH and kept refrigerated overnight to precipitate insoluble matter. After centrifugation (5 min at 16,100 rcf) the supernatant was passed through a HR-X SPE cartridge (500 mg) (Macherey-Nagel, Düren, Germany). Finally, the cartridge was washed with 4 mL of MeOH. The effluent was divided into 6 fractions which were subsequently evaporated by means of vacuum centrifugation. The fractions were reconstituted with 1 mL of MeOH and subjected to HPLC-MS analysis.
Analytical methods: For centrifugation, an Eppendorf 5804 R (Eppendorf AG, Hamburg, Germany) was used. Solvent evaporation was accomplished using a GeneVac HT-4X vacuum centrifuge (GeneVac Ltd., Ipswich, UK). LC-MS data were acquired using an Agilent 1100 HPLC system (degasser, quaternary gradient pump and column oven) (Agilent, Waldbronn, Germany) coupled to a J&M diode array detector (J&M Analytics AG, Essingen, Germany). Mass spectra were acquired in positive ionization mode using a Bruker Esquire 3000 mass spectrometer equipped with an ESI source (Bruker Daltonics, Bremen, Germany). Samples were measured in the positive ionization mode in the range m/z 150-1500 with skimmer voltage +33.9 V. Capillary exit voltage was +106.7 V, capillary voltage -2500 V, nebulizer pressure 35 psi, drying gas 12.0 l min -1 , and gas temperature 330°C. Fraction collection of selected peaks was accomplished using a Spark SPE system (Spark Holland B.V., Emmen, Netherlands) connected to the column outlet of the HPLC. HySphere resin GP cartridges were used. Using a make-up pump (WellChrom K-120, Knauer, Berlin, Germany), the effluent of the HPLC was enriched with a flow of 2.5 mL min -1 of water to achieve retention of the compounds on SPE. For control of the HPLC system and fraction collector Bruker Hystar ver. 3.2 was used. The mass spectrometer was controlled by Bruker Esquire control ver. 5.3. A MachereyNagel Nucleodur C18 Isis column (250 x 4.6 mm, 5 µm) (Macherey-Nagel, Düren, Germany) was used for chromatographic separation. Gradient elution conditions for HPLC-PDA-SPE were as follows: solvent A-water (0.1% formic acid), B-MeOH (0.1% formic acid). 0 min-95% A, isocratic for 1 min, 60 min-5% A, isocratic for 8 min, 69 min-95% A, isocratic for 1 min. Prior to each injection, a 5 min equilibration period was set. Flow rate was 0.8 mL min -1 , column temperature was set to 35°C. NMR spectra were recorded on an Avance III HD 700 NMR spectrometer (Bruker Biospin, Rheinstetten, Germany) operating at a resonance frequency of 700.13 MHz for 1 H and 175.75 MHz for 13 C. The spectrometer was equipped with a 1.7 mm Bruker TCI microcryoprobe. Standard Bruker pulse sequences were used to record spectra in MeOH-d 4 at 300 K. Spectra were referenced to tetramethylsilane, which was used as an internal standard. HR-MS data were recorded on a UHPLC Ultimate 3000 series RSLC (Dionex, Sunnyvale, CA, USA) connected to a LTQ-Orbitrap XL mass spectrometer (Thermo Fisher Scientific, Bremen, Germany). HPLC was performed using an Acclaim C18 column (150 × 2.1 mm, 2.2 μm, Dionex, Sunnyvale, CA, USA) with a constant flow rate of 300 μl min Table 2 ). PnN1 was a methanolic extract of shoot resin solubilized in 50% MeOH. PnN2 consisted of lyophilized shoot resin, re-suspended in water prior to use. Both samples were tested in a concentration of 10 mg mL -1 . Bioassays were conducted using bacteria and fungal cultures. B. subtilis, S. aureus, E. coli, P. aeruginosa and M. vaccae were cultivated on standard I nutrient agar (NA I) in Petri dishes. Bioassays were conducted at 37°C using bacterial and fungal cultures. S. salmonicolor and P. notatum were cultivated on malt agar (MA). C. albicans was cultivated on yeast morphology agar (YMA). Fungus assays were conducted at 30°C. After inoculation, a disc (9 mm in diameter) was removed from the center of the Petri dish and 50 µL of the test solution was added to the cavity. After 18 h of incubation at the respective temperatures the inhibiting areola was measured. 
Supplementary data:
1 H NMR spectrum of P. nigra shoot resin, chromatograms of the RP-SPE fractions, results of the bioactivity assays and a compound overview with high resolution mass data can be found in supplementary data.
